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ABSTRACT: A panoramic camera for obtaining an oblique 
scan of a photographed area, such an oblique scan being use- 
ful when a stereo view of the area is desired. The panoramic 
camera obliquely scans the photographed area with a conical 
pattern by rotating the optical scanner about a scan axis paral- 
lel to the photographed area. Front to back lateral distortion 
of the photographed image is compensated for by directing 
the image through a lens system having a constant image mag- 
nification gradient between the forward and rear edges of the 
film. 
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„ t|on for providing complete cancellation of angular momcn- 

CONICAL SCAN PANORAMIC CAMERA turns of a pair of cameras performing tilted-scan panose 

CHARACTERIZATION OF INVENTION ^HI^h. ™m ♦ u 

» is also desirable to have available such a panoramic 

The invention is characterized in scanning means rotatable 5 camera having apparatus for providing photographs having 

about a scan axis parallel to the area to be photographed for parallel base lines for ease of viewing in stereo equipment, 

performing an oblique scan of the area. It is also desirable to have available a panoramic camera for 

performing oblique scans in a conical mode. 

BACKGROUND OF THE INVENTION ^ q The invention may be accomplished by a panoramic camera 

This invention relates to panoramic cameras for performing f ° r P erformin 8 a sc *n in a conical mode including scanning 

oblique scans. means rotatable about a scan axis parallel to the area to be 

The problem of obtaining panoramic photographs having a P h otog' a Phed for performing an oblique scan of that area, and 

proper stereo convergence angle providing suitable stereopsis | ncIudm « compensating means which provide uniform scan 

has been met by using a pair of tilted panoramic cameras. 15 Ima 8 e veI ocity over the length of the slit. 

nf 0 Z V "; the ti,tin £ °l ° am r ra T** results in li,tin * DISCLOSUREOF PREFERRED EMBODIMENTS 

of the scan axis which causes lines on the ground parallel to 11 1 ° 

the ground track of the camera to have their images projected Other objects, features, and advantages will occur from the 

onto the oblique film as nonparallel lines, diverging from the following description of preferred embodiments and the ac- 

intersection of the scanning axis with the ground. As the 20 companying drawings, in which: 

camera moves forward over the ground these images are FIG * * is a perspective diagram of an optical bar type 

moved forward over the film and also sideways in the cross panoramic camera which provides an oblique conical scan ac- 

axis direction across the film because of the diverging posture cording to this invention; 

of these images. FIG. 2 is a side view diagram of a panoramic camera similar 

Attempts to correct this motion, which increases with in- t0 FIG - 1 showing the inversion of the image at the film and 

crease in the tilt angle and varies from zero at the ground track showing means for compensating for the scan image motion 

to maxima in either direction from the ground track as a func- gradient caused by the scanning in the conical mode; 

tion of the scan angle, have often resulted in complex and ex- FIG - 3 is a perspective view of the conical pattern 
pensive equipment which increases the size and weight of the 30 developed by the conical mode of operation of the scanning 

camera and reduces or compensates for, but does not mirror of FIG. 1; 

eliminate, the crosstrack motion. FIG. 4 is a diagrammatic side view of a portion of a front 

Also in tilted panoramic camera photography the stereo- mirror conical scanning panoramic camera according to this 

scopic base lines of the photograph, i.e. those lines which are invention; 

parallel to the ground track in object space, are not parallel to 3 5 I?IG - 5 » a rear v * ew of the portion of the camera of FIG. 4; 

each other in the photograph. This complicates the use of the FIG. * ' s a diagram demonstrating the relationship between 

photographs in stereo viewing equipment. scan angle and mirror size in a front mirror conical scanning 

Additionally, when two conventional panoramic cameras camera according to this invention, 

which scan about a horizontal axis are used they may be * n 

one embodiment of the invention crosstrack image mo- 
operated so that their angular momentums cancel. But when 40 ^ ion arisin S from forward or rearward obliquity is avoided by 
two such cameras are tilted to produce stereo photographs, rotating a scanning reflector 10, FIG. 1, inclined to scan at an 
complete cancellation of their angular momentums, is not oblique angle, about a horizontal axis 12 which is parallel to 
achieved. the direction of motion, arrow 14, of the camera over the 

Another problem occurring in panoramic cameras relates to ground 18. The image of the ground scene scanned by reflec- 

th$ front mirror scanning type panoramic cameras. Front mir- 45 tor 10 is directed to imaging reflector 20 through lens 22 along 

ror scanning panoramic cameras are a type of panoramic the axis 12. From reflector 20 the image is directed through 

camera in which scanning is performed by a rotating mirror the exposure slit 24 formed between rollers 26 and 28 and 

and a stationary lens system located in the scanning path but onto cylindrically disposed film 30. The path of the radiation 

beyond the angular limits of the scan angle so that the between reflectors 10 and 20 is not necessarily parallel to the 

scanning mirror does not scan the lenssystem. 50 horizontal axis of rotation of the scanning mechanism, 

One disadvantage of such cameras is that for large scan an- The conical scan mode created by the rotation of reflector 

gles the rotation of the mirror in the direction away from the 10 about a horizontal axis 12 while inclined to view the scene 

lens system decreases the angle between the mirror surface on the ground at an oblique angle defines a format 32 having 

and the optic axis of the lens system. This causes the projec- curved rearward 34 and forward 36 edges. As a result there is 

tion of the lens aperture onto the mirror to become larger. 55 an image motion which can be described as a superposition of 

Therefore it becomes necessary, when such cameras are a pure translational velocity and a pure rotational velocity 

required to perform large angle scans, to use large mirrors in about the optical axis. The rotational rate causes a variation of 

ZtZlLTZ* 7T e apcrturc ^ lcn i sys , l T the V€locit y of the scan ima e e moti ™ ™ r *° 

S^T2? ^ mirr ° r mC i e , aSCS thC WClght ° f the 60 belween lhe rearward 34 an <» forward 36 edges. That is. for a 

minor, the power and space required for the mirror, and the 60 given angular scan more distance is covered in the ^ 
problemsofprodudng.mountm^andaligningthemirror. direction B at the rearward edge 34 than at ^^forward^ge 3^ 

SUMMARY OF THE INVENTION * S a reSult there is a dislortion of tn e image which, in the scan 
... direction, expands the rearward portion of the image and con- 
Thus it is desirable to have available a panoramic camera 65 denses the forward portion relative to the lateral centerline 35 
capable of avoiding crosstrack image motion such as occurs in of the format 32. 

conventional panoramic cameras tilted to perform oblique To compensate for the resulting nonuniform velocity of the 

scans ; 8can image motion, variable magnification of the image along 

It is also desirable to have available such a panoramic the slit 24 length is provided by a lens system 38, preferrably a 

camera operable as a front scanning panoramic camera capa- 70 combination of a negative cylindrical lens 40 and a positive 

ble of performing large angle scans with a small scanning cylindrical lens 42, FIG. 2. Lenses 40 and 42 are tilted relative 

,, e< r tor '. ■ 4 _ _ to each other and to the film 30 to provide Increasing macnifi- 

It is also desirable to have available such a panoramic cation from the forward edge 44 of film 30 to the rearward 

r^ltZ T C . scanni "S ^ I SCanning mechanism „ ed 8 e 46 The scan image motion gradient from edge 34 to 
rotatable about an ax* parallel to the direction of camera mo- 75 edge 36 of format 32 is constant during the entire scan so that 
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lenses 40 and 42 need not be moved relative to each other nor been halved. For now a mirror sized to reflect, at a particular 

radially towards or away from film 30. They may be fixed in angle, the proper area to lens 118 may be utilized to perform 

position with respect to the slit 24. Since the image of format satisfactorily a scan of twice that angle 1 by rotating the mirror 

32 is reversed on film 30, the scan image motion gradient the amount of that particular angle in each direction from the 

which increases magnification from front 44 to rear 46 edge of 5 center position 130; FIG. 5, in Which lens 118 views the full 

film 30 is provided and the magnification is calculated to com- width of mirror 1 10 perpendicular to the scanning axis 1 12. 



pensate for the apparent expansion in the scan direction of 



In this embodiment as in the embodiment discussed in re la- 



format 32 from its forward 36 to its rearward 34 edge. The in- l ° " GS 1 ~ 3 ' lens ■ J*"" 38 ™^ing cylindrical lenses 

version of the image may be seen in FIG. 2 by tracing the path 40 «" d 42 * 10 co-npensate for the scanmng motton 

of rearward ray 41 1 and forward ray 50 from format 32 to film 10 grad.ent caused by. he scan m the corneal mod? 

30. The compensation for the scan image motion gradient may J 1 " 8 ««bodimwt of the .nvenf on can prov,o> a arge scan 

i. ru a u « ij™! -.^h. «*iT« *ui usin g a smaI1 mirror approximately the size of the lens aper- 

be accomplished by various optical means other than the °_ ^ . rr . • , . , . 

. . . . ,r ^ ? ■ i it ture D, FIG. 6, by removing the lens. 150 and optical system 

-ftl^cy^ from ^ Ianc a B nd Jaci thcm J trnal > thfi 

tipped spherical lenses may be used to effect the compensa- , n * £ 6 ^ £ ^,^,50 is m the Z . Y 

lion. To compensate for the scan image motion gradient there ^ J ^ ^ ^ mfarorU2 ^ md ^ 

is provided along the length of the slit 24 a gradient of the ^ u . rf a , its ic axis 1S4 at mirror 152 Mirror 

transverse ^magnification in thefront to rear direcUon on the 152 hayi ft |e ^ u projcctg an area D t0 i eng 1S0 while 

film : and the magnification in the scan direction may be unity to each fiide of optic tth 154 for a lota , 8can le 

or more or jess than unity or any desired level including levels o f20 

of magnification included on the front to rear magnification Thus a mirror of my parlicu i ar length wnich is capaD i e 0 f 

gradient. performing a scan angle of 0 0 in a conventional from mirror 

The conical scan mode achieved by reflector 10 may be scanning camerai may be used with the present invention to 

seen in FIG. 3. Conical surface 60 is that which is described by per f 0 rm a scan angle of at least 2a>°. 

the light received from ground 18 by reflector 10. 25 0ther embodiments will occur to those skilled in the art and 

In accordance with this invention a conical scan may be are within the f 0 n owing c i aims; 
used in all types of panoramic cameras such as direct scanning What we claim is: 
types, and in other types of cameras used for tilted photog- x A panoramic camera comprising: 
raphy . The invention is not limited to use with two reflectors. a means f ormin g an. image plane within the camera; 
as other means of deflecting the radiation such as refracting 3Q b< scanning means for obliquely scanning an area to be 
prisms may be used. A single prism capable of performing an , photographed with a conical scanning pattern, and in- 
oblique scan about a horizontal axis and projecting the image eluding an optica] scanner rotatable about a scan axis 
to the film may also be used ■ Also the invention is not limited substantially parallel to the area being photographed; and 
to use with visible light systems but applies to systems using c. means for transferring an image from said optical scanner 
other types of radiation as well, for example infrared, ul- 35 to said image plane, and including compensating means 
traviolet, x-ray. for providing a constant image magnification gradient at 
A conical scan front mirror scanning panoramic camera the image plane between forward and rear edges of the 
embodiment of the invention may be constructed so that its . image plane to correct for a scan image motion gradient 
optical system may receive radiation from the front scanning caused by said oblique, conical scanning pattern, 
mirror, not in the scanning plane or path, but external to that 40 2. The camera of claim 1 in which said compensating means 
path in a plane transverse to the scanning plane, preferrably in ' includes optical means for producing a magnification gradient 
the vertical plane containing the ground track. In. such an ar- in the image to compensate for said scan image motion 
range me nt the scanning mirror may begin scanning at the gradient. 

optic axis of the optical system where its projection to the op- .3. The camera of claim 1 in which said compensating means 
tical system is at a maximum unlike conventional front 45 includes aspheric lens means for producing a magnification 
scanning panoramic cameras wherein the mirror must begin gradient in the image to compensate for said scan image mo- 
ils scan sufficiently rotated from the optic axis to avoid tian gradient. 

scanning the optical system. In addition to this advantage, 4. The camera of claim 1 in which said compensating means 
such an arrangement also enables the scanning mirror to scan includes a fixed anamorphic lens system for producing a mag- 
on either side of the optic axis of they optical system. so nification gradient in the image to compensate for said scan 

Thus a mirror which is large enough to cover the aperture of image motion gradient, 

the lens system when that mirror is at a maximum angle to the 5. The camera of claim 4 in which said anamorphic lens 

optic axis of the optical system may be used to perform a total system includes tipped cylindrical lenses, 

scan of twice that angle by scanning the same amount on 6*. The camera of claim 5 in which one of said cylindrical 

either" side of the optic axis. In conventional front scanning 55 ,cn9C8 is a negative lens and another is a positive lens, 

panoramic cameras an increase in total scan angle necessitates 7. Apparatus as set forth in claim 1 wherein said optical 

an increase in the size of the mirror. ; scanner includes a reflecting means, having a plane reflecting 

In FIG. 4, a circular mirror 110, rotatable about scanning surface, positioned to have said scan axis intersect said plane 

axis 1 12, receives radiation 1 14, 1 16 from the photographed reflecting surface at an oblique angle. 

area and reflects it to a lens 118 having its optic axis 120 in a 60 8 * Apparatus as set forth in claim 1 wherein said optical 

plane transverse to the direction of the scan performed by mir- scanner includes a reflecting means, having a plane reflecting 

ror 110. Lens 1 18 projects the radiation through slit 122, FIG, surface, positionedto have said scan axis located in said plane 

5, m plate 124 to film 126 on rotating drum 128. From the em- reflecting surface. r , , tj 

bodiment shown in FIG. 4 and the alternate view of it in FIG. 5 * Apparatus as set forth in claim 8 wherein said transferring 

it may be seen that by locating the lens 118 and film 126 so 65 mean.s include^ a.leiw system positioned off said scan axis and 

that the radiation may be directed from mirror 110 in a displaced, from said reflecting means along an axis parallel to 

direction transverse to the direction of rotation of mirror 1 10 said scan ax,s * 
the influence of the scan angle on the size of the mirror has 

............. . - . .'. ?o. :.. ' ".,'. '/."..;..; .'. " ' 
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